Scaffold provides a suitable medium for cell growing and drug delivery while enhancing the cell transplantation efficiency. In this project, nanofibrous scaffolds were fabricated through electrospinning of Polycaprolactone (PCL) and Gelatin (GE). Processing parameters and solution parameters were optimized to achieve the desired properties of PCL/GE nanofibers. Scanning Electron Microscopy (SEM), water contact angle and Attenuated Total Reflectance-Fourier Transformed Infrared Spectroscopy (ATR-FTIR) were implemented to characterize the fabricated nanofibers. It was found that 14% w/v PCL/GE shows the best fibers' diameter, pore size, contact angle and less bead formation. This sample is suitable to be further investigated for the application of tissue engineering (TE) and drug delivery system (DDS).
Introduction
Organ transplantation or reconstructive surgery is treated when a body tissue or organ is severely injured [1, 2] . However, numerous drawbacks such as organ shortage [3] and rejections of foreign organ by own immune system [4] have constraint its implementation in clinical application. Tissue engineering (TE), hence provides a solution for tissue recovery by substituting the biological functions of the injured organ from the patient own cells [5] . Cells, scaffold (3D polymeric matrix) and growth factor (signaling molecules) are the key components in tissue engineering [6] . Scaffold, often made from polymeric material, provides a suitable medium for cells growing and to regenerate a specific tissue [7] . Therefore, the fabricated scaffold's structure must be similar to the extracellular matrix (ECM) to avoid body rejections. Integration of the polymer with nanofiber merits from high surface to volume ratio, subsequently enhances the cell adhesion, migration and diffusion process [8] [9] [10] [11] , has been demonstrated in nerve growing promotion [12] and wound healing application [13] . Nonetheless, the properties of the polymer scaffold i.e. hydrophilicity, mechanical strength and biocompatibility are highly dependent on the used polymer [6] . Generally, all of these important properties could not be gained from a single polymer. Thus, synthetic and natural polymer mixture is proposed to combine several key features from polymers [14] . Blended PCL and GE (PCL/GE) with electrospun nanofibers, for instance, improves cell attachment on a bone marrow stromal [15] [16] . Numerous techniques are proposed in nanofibrous scaffold fabrication. Of these methods, electrospinning technique merits from simple, cost effective, and able to fabricate nano-size porosity polymeric fibers [17] . Morphology of the fabricated nanofibers is highly rely on the processing parameters (voltage applied, flow rate, and temperature) and solution parameters (solvent, concentration, surface tension and molecular weight) during electrospinning process [18] . Most of the reported literature [6, 19] , nonetheless, mainly focus on a single fabrication parameter which might limit the repeatability of the scaffold fabrication.
Parametric study of voltage parameter in PCL/GE polymeric nanofibrous electrospining process was achieved from our previous research [7] . High voltage of 18kV was found to be the optimum processing parameter in producing more homogeneous nanofibers with less bead formation. By setting 18kV as a controlled voltage, in this project, solution parameter will be investigated by using different concentration of polymer solution which is the dominant factor in fibers' morphologies [19] .
The optimum solution parameter was examined and characterized based on morphologies, average diameters, average pore sizes, hydrophilicities and chemical bonding of blended PCL/GE-based nanofibers.
Materials and Methods
Materials. GE powder from porcine skin, PCL pellets (Mw = 70,000-90,000), and solvent of formic acid (density: 1.22g/mL) were purchased from Sigma Aldrich.
Preparation of PCL/GE-based solutions. Three different concentrations of polymer solutions were prepared which were 12% (PCL=1.0g; GE=0.2g), 14% (PCL=1.0g; GE=0.4g) and 18% (PCL=1.0g; GE=0.8g) PCL/GE-based solution.
Fabrication of PCL/GE-based Electrospun Nanofibers by Electrospinning. The polymer solution prepared (12% w/v PCL/GE-based) were delivered at a constant flow rate (Q = 0.5ml/h) to a syringe (6cm/ml). Upon applying a high voltage (18kV), a fluid jet was ejected from the needles of the syringe and accelerated towards a grounded collector (10cmx10cm aluminum sheet). The solvent evaporated and the charged polymer fibers were deposited on the collector in the form of nanofibers. These steps were repeated with 14% and 18% w/v PCL/GE-based polymer solution.
Characterization. Morphology of the PCL/GE-based electrospun nanofibers was studied by SEM and the obtained images were further analyzed by J-Image. Chemical bonding of PCL and PCL/GE were then examined by ATR-FTIR (Perkin-Elmer Series, USA Modal). In addition, hydrophilicities of PCL/GE-based electrospun nanofibers were determined through contact angle measuring system (VCA Optima, AST Products, Inc) and analyzed using VCA Optima software.
Results and Discussions
Morphology of PCL/GE-based Electrospun Nanofibers. Fig. 1 shows the morphology of 12%, 14%, 18% w/v PCL/GE-based electrospun nanofibers. From the SEM images, it is worth noting that 12% w/v PCL/GE (the lowest concentration) has the most beads formation due to its dilute polymer solution. During the electrospinning process, the fibers were in wet form when reaching the collector and forms bead. Lesser beads can be attained with the increased of solution concentration,This method, however, might dry out the solution droplet at the tip and halts the electrospinning process.
The diameter and pores sizes of fabricated nanofibers were statistically depicted in Table 1 . From the table, the average fiber diameters slightly increase with the concentration of the polymer solution whereby 12%, 14% and 18% w/v PCL/GE-based nanofibers achieve fiber diameter of 15.9 nm, 87.71 nm, and 547.58nm, respectively. Large size of nanofibers formation is due to higher viscosity resistance of the solution which fails to maintain its flow at the tip of the needle. Practically smal fiber diameter is much desired than large size due to its efficient delivery of a loaded drug and enhancement of the diffusion rate, attributed from its high surface area to volume ratio physics. The pore size of the fibers, on the other hand, was investigated for the composite of 12% w/v, 14% w/v and 18% w/v. It was found that 14% w/v has the highest diameter of pore size, which was around 178.42nm. Larger pore size enhances the rapid diffusion of nutrients and gaseous exchange. From the surface morphology characterization, the average fiber diameters and pore size of14% w/v poses the optimum performance.
ATR-FTIR. ATR-FTIR analysis was carried out to investigate the chemical bonding of PCL and PCL/GE-based electrospun nanofibers. PCL and PCL/GE have same infrared spectra which meant that they have similar chemical bonding. The only difference between PCL and PCL/GE was the present of amide group in PCL/GE. The bands of GE appeared at approximately 1650 cm-1 (amide I) and 1540 cm-1 (amide II). The presence of amide group confirms the presence of GE in nanofibers after polymer blending and electrospinning. Amide group has the ability to form hydrogen bond with water molecule, thus increase the hydrophilicity of nanofibers. 
Conclusions
In this project, PCL/GE-based electrospun nanofibers (12%, 14% and 18% w/v PCL/GE) were successfully fabricated using electrospinning. Among these nanofibers, 14% w/v of PCL/GE with flow rate 0.5 ml/h and voltage 18 kV produced better fibers in terms of smaller fiber diameter, largest pore size, less beads formation, more homogeneous and better hydrophilicity which will benefit in drug delivery and tissue engineering application. 14% PCL/GE-based electrospun nanofibers parameter will be further analysis and investigated.
